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1. Introduction
   Synthesis of nanoparticles with variable shapes, sizes 
and chemical compositions has gained importance in 
nanotechnological applications. The metallic nanoparticles 
have received much attention due to their unique catalytic, 
optical and electrical properties[1]. The silver nanoparticles 
(SNPs) have been widely utilized in biology and medicine due 
to its attractive physiochemical properties[2]. SNPs have been 
reported to exhibit number of pharmacological activities, 
including antibacterial activity[3-5], antifungal activity[6], 
anticancer activity[7], antiviral activity[8,9] antiplasmodium 
activity and mosquito larvicidal activity[10,11], etc. Although 
the chemical methods of synthesizing SNPs promise 
to provide high purity and desired structure to the 
nanoparticles, they are quite expensive and toxic. Since 
most of these chemically synthesized nanoparticles are 
utilized for human benefits, they pose severe hazard to 
human health and to the environment[12,13]. Recently, ‘green 
synthesis’ of nanoparticles using extracts of plants and 
microbes have gained importance because it could solve 
the problem of toxicity imposed by chemical methods.
   Green synthesis of SNPs using plant extracts have been 
studied previously using several plants which includes 
Rhizophora mucronatas[14], Acalypha indica[3], Phyllanthus 
emblica[15], Panicum virgatum[16], Piper nigrum[17],  Glycine 
max[18], Murraya Koengii[19], Rosa rugosa[20], Camellia 
sinensis[21]. These studies have shown that SNPs can be 
synthesized in environmental friendly and green method 
using plant extracts. Still, studies on green synthesis of 
SNPs continue by employing medicinal plants extract to 
explore the potentials of traditional and medicinal plants 
to synthesize biocompatible SNPs. Since, each traditional 
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Objective: To optimize the process parameters involved in the green synthesis of silver 
nanoparticles (G-SNPs) by aqueous extract of Rosa damascena petals and to evaluate the 
biocompatibility and anti cancer activity of the synthesized silver nanoparticles against human 
lung adenocarcinoma (A549).
Methods: The process variables that include concentration of extract, mixing ratio of reactants, 
silver salt concentration and interaction time were analyzed. The compatibility of the G-SNPs was 
verified by incubating with erythrocytes and the anticancer property of the G-SNPs against A549 
cells was performed by MTT assay.
Results: Formation of G-SNPs was confirmed by the visual change in the colour of the reaction 
mixture from pale yellow to brown yellow. Surface plasmon resonance of synthesized G-SNPs 
was observed at 420 nm; the size of G-SNPs were analyzed by DLS and found to be in the range of 
(84.00依10.08) nm. Field emission scanning electron microscope and high resolution transmission 
electron microscopy analysis confirmed that the G-SNPs were fairly spherical. Fourier transform 
infrared spectroscopy spectroscopy and X-ray diffraction revealed the characteristic peaks 
of G-SNPs. Energy dispersive X-ray analysis showed a signal of silver around 3 keV. The 
synthesized G-SNPs exhibited anticancer activity as evidenced by the MTT assay.  IC50 value of 
G-SNPs was found to be 80 µg/mL. 
Conclusion: The results of the present study suggest that G-SNPs can be synthesized rapidly 
within first minute of the reaction; they are biocompatible and possess anticancer activity against 
human lung adenocarcinoma.
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plant has specific medicinal properties, by employing 
theses plants the medicinal property of the synthesized 
SNPs may be enhanced. Previous studies elucidated the 
presence of several pharmacologically active compounds in 
the petals of Rosa damascena (R. damascena)[22,23]. Hence, 
we hypothesize that the nanoparticles synthesized using 
R. damascena could be biocompatible and can be used for 
biological applications.
   R. damascena belongs to the Rosaceae family of flowers. 
It is one of the important species in that family, which is 
used as an ornamental plant and its flowers are utilized 
as additives in food and medicine[24]. It has gained 
great importance due to its pharmacological properties 
including anti-diabetic, anti-HIV, and its potential to cure 
cardiovascular diseases[22]. R. damascena petals have been 
reported to contain several important chemical compounds, 
which includes flavonoids, terpenes, antocyanins, 
glycosides, carboxylic acid, vitamin C, myrcene, kaempferol 
and quercetin[22]. These properties of this plant make it a 
suitable choice for synthesis of silver nanoparticles, which 
may lead to the synthesis of eco-friendly and non-toxic 
green-synthesized silver nanoparticles (G-SNPs) for medical 
and biological applications.
   Here, we reported the green synthesis of silver 
nanoparticles using an aqueous extract of R. damascena 
and evaluated its anticancer activity against human lung 
adenocarcinoma (A549). The process variables such as 
concentration of extract, mixing ratio of reactants, silver 
salt concentration and interaction time were analyzed. 
The results of this study uncovered the potentials of R. 
damascena petal extracts to synthesize G-SNPs. G-SNPs 
can be synthesized rapidly by using aqueous extract of R. 
damascena petals and they are biocompatible and possess 
anticancer activity.  
2. Materials and methods
2.1. Materials
   Fresh roses (R. damascena) were procured from the local 
market, Chennai, India. Silver nitrate, dimethylsulfoxide 
and 3-(4,5-dimethylthi-azol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) were obtained from Sigma-Aldrich (St Louis, 
MO, USA). Dulbecco’s modified Eagle’s medium (DMEM), 
fetal bovine serum (FBS), Trypsin-EDTA and antibiotic-
antimycotic solution were purchased from HiMedia (Mumbai, 
India). Deionized water was used throughout the study.
2.2. Preparation of R. damascena extract
   The rose petals were washed thoroughly with deionized 
water and shade dried at room temperature for 2 d. The 
extraction process was started by adding one gram of 
dried petals and 100 mL of deionized water in to a 250 mL 
Erlenmeyer flask. This mixture was slowly stirred using a 
magnetic stirrer at 80 °C for 1 h. This solution was filtered, 
cooled and stored at 4 °C for further experiments[25]. This 
solution serves as 100% extract concentration.
2.3. Green synthesis of silver nanoparticles
   In order to enhance the reproducibility of the experimental 
results and to optimize the process parameters, the 
factorial design of experiments, the “one-factor-at-a-
time” method was employed in this study. In this method 
of experimentation, only one experimental factor is varied 
at a time, while keeping all the other variables constant. 
Different concentrations of rose extracts (10%, 25%, 50%, 75% 
and 100%) were prepared by diluting the bioreductant (rose 
extract) with deionized water accordingly. They were added 
to 10 mmol/L silver nitrate solution at 2:3 ratio and incubated 
for 10 min in dark at room temperature. In another process 
parameter, the silver reduction reaction was carried out by 
varying the different mixing ratios of rose extract to 10 mmol/
L silver nitrate solution (1:4, 2:3, 1:1, 3:2, 4:1) at 100% extract 
concentration while keeping all the other variables constant. 
In order to determine the interaction time between the rose 
extract and silver nitrate solution, 10 mmol/L silver nitrate 
solution and 100% rose extract was added together in 2:3 
ratio and incubated for different time points (0 min, 5 min, 
10 min, 15 min and 25 min). To determine the optimum silver 
salt concentration, different concentrations of silver nitrate 
solution (1 mmol/L, 2 mmol/L, 3mmol/L, 5mmol/L, 10 mmol/L) 
were reacted to 100% rose extract at 2:3 ratio.
   To obtain the dry powders of G-SNPs, the solution 
containing the silver nanoparticles were centrifuged at 10 000 
r/min for 15 min. The pellet was resuspended in deionized 
water and the centrifugation process was repeated thrice to 
get rid of any non-reacted biological materials. The purified 
pellets were then freeze dried to get powder G-SNPs. This 
powder was further used for characterization studies. 
2.4. Characterization
   The preliminary characterization of silver nanoparticles 
was carried out using UV-visible spectroscopy. The 
reduction of silver nitrate to silver nanoparticles was 
analyzed by recording the spectra of silver nanoparticles 
from 340 to 700 nm (Shimadzu UV 150-02, Japan). The size 
distribution and zeta potential of the nanoparticles in the 
solution were determined using particle size and zeta 
analyzer (Malvern Nano ZS, UK). The G-SNP solution was 
diluted 10 times with deionised water prior to analysis. The 
powder X-ray diffraction pattern was obtained by using 
the lyophilized powder of silver nanoparticles (BYE FIEX 
2002 model, Seifert, Germany) with Cu Kα radiation (λ=1.54 
nm) in the 2θ range of 20° to 80° operated at a voltage of 40 
kV and a current of 30 mA. The Fourier transform infrared 
spectroscopy (FT-IR) spectroscopic analysis was carried 
on lyophilized powders of 100% petal extract and silver 
nanoparticles. The measurements were performed using 
Nicolet Impact 400 FT-IR spectrophotometer with KBr pellet 
in the wave number region of 2 000 to 800 cm-1. For field 
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emission scanning electron microscope (FE-SEM) and high 
resolution transmission electron microscopy (HR-TEM) 
analysis, the synthesized nanoparticle solution was diluted 
and a drop was placed on aluminum foil and on a carbon 
grid respectively and allowed to dry. The FE-SEM micrograph 
was obtained using Hitachi SU6600, Germany and HR-TEM 
analysis was carried out on FEI TECNAI G2. The purified and 
lyophilized samples were subjected to EDAX analysis (Hitachi 
SU6600, Germany).
2.5. Hemolytic activity assay
   The in vitro hemolytic activity of G-SNPs was evaluated 
by measuring the hemoglobin release from the erythrocytes 
on interaction with nanoparticles. The blood was collected 
from male Wistar albino rat in a tube containing EDTA 
and the tube was centrifuged at 1 500 r/min for 10 min. The 
supernatant and buffy coat was carefully removed and the 
pellet was washed thoroughly with phosphate buffered 
saline (pH 7.4) several times. Cells (5% v/v) in phosphate 
buffer solution (PBS) were added to each tube and the G-SNP 
at different concentration (25, 50, 75, 100, 125 µg) in PBS 
were added and the final volume was made up to 1 mL. 
Erythrocytes in PBS solution and in 1% triton X-100 were 
considered as negative and positive controls respectively. 
The reaction mixtures were incubated in shaker incubator 
at 37 °C with mild shaking for 1 h. Then the tubes were 
centrifuged at 1 500 r/min for 10 min and the supernatant 
were read at 540 nm against their blank. The percentage of 
hemolysis=[(Abs540 nm in the G-SNP solution-Abs540 nm 
in PBS)/(Abs540 nm in 1% Triton X-100-Abs540 nm in PBS)]伊
100[26]. 
2.6. Cell proliferation assay
   Human lung adenocarcinoma epithelial cell line (A549) was 
obtained from National Center for Cell Science, Pune, India. 
The cell lines were maintained in DMEM, supplemented 
with 10% FBS and antibiotic antimycotic solution. Cells were 
grown in a humidified chamber at 37 °C with 5% CO2 supply. 
   To assess the anticancer activity of G-SNPs quantitatively, 
MTT reduction assay was performed[27]. A549 cells (2伊103 
cells/100 µL) were seeded on 96 well plate with 200 µL of 
complete DMEM media containing 10% FBS. The plate was 
incubated at 37 °C in a humidified chamber with 5% CO2. 
After 24 h of culturing, the spent media was removed and 
fresh DMEM media with predefined concentrations (20 to 120 
µg/mL) of G-SNPs were added and incubated at 37 °C in a 
humidified chamber with 5% CO2. After 24 h of incubation 
with G-SNPs, the spent media was replaced with 10 µL of 
MTT solution to each well (5 mg/mL) and incubated for 4 h at 
37 °C in a humidified chamber with 5% CO2. After completion 
of 4 h, the MTT was removed and 100 µL of dimethylsulfoxide 
was added to all the wells. The absorbance was read at 570 
nm with microplate spectrophotometer. The cells which were 
not treated with nanoparticles were considered as control. 
2.7. Statistical analysis
   Values of three independent experiments were expressed 
as mean依SD. The data was evaluated using SPSS/11.5 
software. 
3. Results
   The results of the present study demonstrate the successful 
green synthesis of G-SNPs using R. damascena petal extract. 
The G-SNPs were found to be biocompatible and exhibited 
cytotoxic activity against human lung adenocarcinoma (A549) 
cells. On addition of R. damascena  extract to silver nitrate 
solution, the colour of the reaction mixture changed rapidly 
from pale yellow to brown yellow (Figure 1). The surface 
plasmon resonance of the silver nanoparticles reduced by R. 
damascena aqueous extract was obtained at 420 nm. 
(a) (b) (c)
Figure 1. Photographic representation of silver nanoparticle synthesis.
a: Silver nitrate solution; b: Aqueous extract of R. damascena petal extract; 
c: Green synthesized silver nanoparticles.
   Figure 2a shows the effect of different concentrations of 
petal extract on G-SNPs formation. The absorbance of the 
UV-Vis spectrum gradually increased with the increase in 
concentration of the extract from 10% to 100%. The highest 
absorption was recorded when 100% extract was used. Figure 
2b shows the results of second process variable, in which 
the ratio of petal extract to silver nitrate solution (1:4, 2:3, 
1:1, 3:2, 4:1) was analyzed. The results clearly revealed that 
2:3 ratio of extract to silver nitrate solution was the perfect 
combination to get maximum yield. This was observed from 
the maximum absorbance in UV-Vis spectrum. Figure 2c 
shows the effect of incubation time on G-SNPs formation. 
The absorbance was observed even at 0 min of the reaction. 
As the incubation time was increased from 0 to 25 min (0, 
5, 10, 15, 25 min) there was no significant change in the 
absorbance of the nanoparticles. Our results indicate that 
the formation of G-SNPs starts immediately after addition of 
extract to the silver nitrate solution, thereafter no marked 
increase in the absorbance was observed. To determine the 
exact silver salt concentration for effective G-SNP synthesis, 
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different concentrations of silver nitrate solutions ranging 
from 1 to 10 mmol/L were reacted with extract in 2:3 ratio 
for 5 min. Figure 2d represents the effect of different silver 
nitrate solution for synthesizing the G-SNP. From the graph, 
it is observed that 10 mmol/L silver nitrate was identified as 
the optimum concentration for the effective G-SNP formation.
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Figure 3. XRD pattern of biosynthesized silver nanoparticles using 100% 
petal extract with 10 mmol/L silver nitrate for 5 min at room temperature.
   From the dynamic light scattering measurement, the 
average size of the particles was found to be (84.00依10.08) 
nm. Zeta potential analysis of the synthesized G-SNP was 
found to be (-17.4依2.1). The crystalline nature of the silver 
nanoparticles was analyzed by X-ray diffraction (XRD) 
(Figure 3). The results revealed four diffraction peaks [38.05 
(111), 46.12 (200), 67.19 (220), 76.3 (311)] corresponding to four 
diffraction facets of silver. These results indicate that the 
synthesized nanoparticles were face centered cubic and 
crystalline in nature (JCPDS file No. 84-0713 and 04-0783). 
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Figure 4. FT-IR spectra of aqueous petal extract of R. damascena and 
silver nanoparticles.
a: Aqueous petal extract of R. damascena; b: Silver nanoparticles obtained 
by treating 100% petal extract with 10 mmol/L silver nitrate for 5 min at room 
temperature.
(a)
Figure 2. UV-Vis spectroscopic analysis of process variables in silver nanoparticles synthesis.
a: UV-Vis spectra of different concentration of R. damascena petal extract with 10 mmol/L silver nitrate solution; b: UV-Vis spectra of different mixing ratio of 
petal extract with 10 mmol/L silver nitrate solution; c: UV-Vis spectra of reaction time of petal extract with 10 mmol/L silver nitrate solution; d: UV-Vis spectra 
of different concentration of silver nitrate solution with petal extract. 
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   FT-IR is reported as an appropriate technique to analyze 
chemical adsorption and functional groups in newly 
synthesized particles. The FT-IR transmission spectra of 
rose extract and silver nanoparticles are represented in 
Figure 4. Characteristic absorption bands at 1 719, 1 615, 
1 351, 1 232 and 1 057 cm-1 in the FT-IR spectrum of rose 
petal extracts were observed (Figure 4a). Band at 1 719 
cm-1 which is attributed to the C=O stretching due to the 
carboxyl content in the rose petal extracts, which might 
reduced the silver ion to silver nanoparticles. Further, 
peaks assigned at 1 615, 1 351 and 1 057 cm-1, suggest that 
amine group and the hydroxyl groups of water/alcohol. 
The FT-IR spectra of silver nanoparticles are shown in 
Figure 4b which shows comparatively similar absorption 
bands at 1 619, 1 384 and 1 058 cm-1 of rose petals extract. 
The suppression of C=O stretching in the 1 719 cm-1 region 
has been related to evidence of silver ion reduction 
by rose petals as consequence of silver nanoparticles 
formation.
   Figure 5a and 5b shows the FE-SEM and HR-TEM 
micrographs, which provides a clear idea on the shape 
of nanoparticles. Majority of the particles were spherical 
in shape with the size ranging from 15 to 27 nm. These 
particles were well distributed without any aggregation. 
The presence of elemental silver was confirmed by 
EDAX spectroscopy analysis (Figure 5c), which indicated 
the reduction of silver ion to silver. Metallic silver 
nanocrystals generally display an optical absorption peak 
at 3 keV[28]. There was also a strong signal for Al in the 
EDAX data, which was due to the Al FE-SEM grid.
Figure 5. Electron microscopic imaging of silver nanoparticles.
a: FE-SEM micrograph; b: HR-EM analysis of silver nanoparticles; c: EDAX 
spectrum of silver nanoparticles synthesized from 10 mmol/L silver nitrate 
solution and 100% petal extract for 5 min at room temperature of silver 
nanoparticles.
(a)                                               (b)
(c)
10.0kV伊120k SE 400 nm
Spectrun 1
 0            1           2          3            4            5           6            7          8            9           10
Full Scale 19446 cts Cuson:-0.044 (618 cts)
15000
10000
5000
0
keV
   Hemolytic activity of G-SNPs was performed to 
evaluate the biocompatibility of the G-SNPs on normal 
cells, especially erythrocytes. The hemolytic assay was 
performed using different concentrations of G-SNPs (25, 
50, 75, 100, 125 µg/mL) on erythrocytes. The absorbance 
values of erythrocytes in PBS and in 1% triton X-100 
was used along with the values of erythrocytes treated 
with G-SNPs on the formula. It was found that G-SNPs do 
not exhibit hemolytic activity against erythrocytes on 
different tested concentrations (Table 1).  
Table 1
Hemolytic activity of silver nanoparticles on erythrocytes at different 
concentration after incubation at 37 °C for 1 h.
Sample (n=3) hemolysis (%)
Control    1.20依0.15
1% triton X 100  100.00依0.00
G-SNP (25 µg/mL)    1.20依0.12
G-SNP (125 µg/mL)    1.30依0.17
Data are represented as mean依SD (n=3).
   The in vitro anticancer effect of G-SNPs was tested 
on A549 cell lines. A dose dependent decrease in the 
viability of A549 cells were observed on treatment with 
G-SNPs, as shown in the Figure 6. The half maximum 
inhibitory concentration (IC50) was observed at 80 µg/mL. 
At this concentration, G-SNPs inhibited the growth of A549 
cells by 50%. 
Figure 6. In vitro anticancer effect of G-SNPs.
a: Cell proliferation assay using MTT for analyzing dose dependent effect 
of silver nanoparticles on A549 cells for 24 h. Fifty persents inhibition of 
cells was observed at 80 µg/mL silver nanoparticles concentration (10伊); b: 
Inverted microscopic view of A549 control cells without any treatment; c: 
Cells treated with 80 µg/mL silver nanoparticles for 24 h (10伊). 
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4. Discussion
   Green synthesis of nanoparticles has received much 
attention due to easy and eco-friendly nature of the 
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synthesis[29]. On addition of the petal extract to the 
silver nitrate solution, the colour of the reaction mixture 
changed from pale yellow to brown yellow. This change 
in colour of the mixture was due to the reduction of 
silver ion and excitation of surface plasmon resonance 
by the nanoparticles. This change in the colour of the 
reaction mixture indicated the formation of G-SNP[30]. 
In the present study, the process parameters have 
been optimized, to reduce the time required for G-SNPs 
synthesis and to improve the yield. By varying the 
concentration of the petal extract from 10% to 100%, the 
plasmon resonance band raised gradually. Maximum 
plasmon resonance band was attained at 100% of extract 
concentration, which shows that the reduction of silver 
ion was directly proportional to the concentration of petal 
extract. There was no formation of plasmon resonance 
band when 10% of extract concentration was used, which 
indicated that there was not enough reducing agent in the 
extract to reduce the silver ion. Mixing ratio and silver 
salt concentration plays a vital role in the optimization 
of process parameters, which determines the yield of 
the nanoparticles. The maximum Plasmon resonance 
was obtained for 2:3 mixing ratio and 10 mmol/L silver 
nitrate. Dubey et al. synthesized SNPs using leaves of 
Rosa rugosa and reported the synthesis of nanoparticles 
after incubating the extract with the silver nitrate 
solution for 10 min[20]. In the present study, the plasmon 
resonance band was observed even at the first minute of 
the reaction and there were no significant change even 
after 25 min of the reaction. This rapid synthesis might 
be due to the higher percentage of extract concentration 
(100%) in the reaction mixture. Similar to our observation, 
Tripathy et al. have optimized the process parameters 
(concentration of extract, mixing ratio and interaction 
time) for synthesizing SNPs by employing aqueous extracts 
of Azadirachta indica[31]. He also emphasized in his 
report that size and shape of biosynthesized nanoparticles 
strongly depends on the optimization of  process 
parameter. 
   Further, the G-SNPs were characterized by various 
analytical techniques. In the XRD, there were few 
unassigned peaks marked with asterisk, which might 
be raised due to the crystallization of bio-organic 
phase or protein on the surface of the G-SNP from petal 
extract. Similar results were reported in the synthesis 
of SNPs by Coleus aromaticus leaf extract and by Citrus 
limon aqueous extract[4,32]. The hemocompatibiliy of the 
G-SNPs were analyzed on erythrocytes and the results 
obtained were found to be correlated with the previous 
study done by Ruden et al. who reported that SNPs did 
not show hemolytic activity against erythrocytes even 
at the higher concentrations (up to 1024 µg/mL)[33]. The 
G-SNPs was found to exhibit anticancer activity against 
human lung adenocarcinoma but, the mechanism by 
which the SNPs induced cytotoxic activity was not clear. 
However, several possible mechanisms for anticancer 
activity of silver nanoparticles can be proposed. Cytotoxic 
effects of silver nanoparticles might be due to the 
physiochemical interaction of silver nanoparticles with 
the intracellular proteins and DNA. Studies have also 
suggested that anticancer activity might also be due to 
induction of apoptosis activated by caspase 3 enzyme[7]. 
In addition, the presence of pharmacologically active 
anticancer compound which includes flavonoids such as 
quercetin, etc., in the petals of R. damascena could also 
be one of the reasons for the G-SNPs to exhibit anticancer 
activity. Further, studies are needed to unravel the exact 
mechanism behind the anticancer efficacy of G-SNP. 
   To conclude, we have demonstrated that G-SNPs 
were rapidly synthesized using aqueous extracts of R. 
damascena within the first minute of the reaction at 
room temperature.  Various process parameters involved 
in the green synthesis were analyzed for the better 
yield of G-SNPs and the synthesized G-SNPs were found 
to be biocompatible. The G-SNPs exhibited inhibitory 
effect against A549 cell line, which might be due to the 
synergistic effect of SNPs and the pharmacologically 
active compounds on the surface of G-SNPs from the R. 
damascena extract.  
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